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OBJECTIVES 

Developing  high  critical  current  density  (Je)  in  conductors  is  the  most  essential  step  to  developing 
attractive  power  technologies  from  high  temperature  superconductors  (HTS).  HTS  materials 
possess  attractively  high  Je  values  over  a  large  domain  of  temperature  and  field  but  real 
conductors  contain  many  defects  that  limit  the  transport  current  density  below  their  very  high 
local  values.  Our  goal  is  to  understand  the  current  limiting  mechanisms  of  actual  and  prototype 
HTS  conductor  forms.  Two  generations  of  conductor  form  are  discussed  today,  a  first  generation 
based  on  (B^Pb^S^CajCusOx,  which  is  available  now  in  kilometer  lengths,  and  a  second 
generation  conductor  based  on  biaxially  aligned  YBa^CujO?^ ,  which  has  received  a  proof  of 
principle  in  short  lengths.  Intense  effort  is  being  applied  to  scaling  up  YBCO  coated  conductors 
from  cm  to  meter  lengths.  The  central  focus  of  our  work  is  to  understand  the  different  roles  that 
flux  pinning  and  connectivity  and  thus  microstructure  play  in  determining  the  Je  of  YBCO 
conductor  forms.  Our  major  effort  is  to  use  coordinated  studies  of  the  voltage-current 
characteristics,  magneto  optical  imaging  and  microstructural  analysis  to  reveal  where  current 
limiting  defects  reside.  This  integrated  view  is  then  used  to  raise  the  properties  of  the  whole 
conductor. 

Collaboration  is  an  essential  component  of  our  work.  Same  samples  we  make  ourselves  but  a 
vital  part  of  our  work  is  that  we  receive  samples  from  many  leading  groups.  Our  work  is  guided 
by  our  strong  linkages  with  the  leading  groups  in  the  field  at  American  Superconductor  Corp. 
(ASC),  ORNL,  LANL,  and  the  AFRL.  An  important  link  to  the  AFRL  groups  of  Tim  Peterson 
and  Paul  Bames  and  Chuck  Oberly  was  developed  in  1999.  It  developed  out  of  wider 
collaborations  within  the  Coated  Conductor  Development  Group  (CCDG),  an  industry-led 
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working  group  that  meets  periodically  to  discuss  key  issues  associated  with  Coated  Conductor 

technology.  The  general  thrusts  of  our  effort  support  central  thrusts  of  the  New  World  Vistas 

Program. 

SUMMARY  OF  WORK  COMPLETED 

The  global  thrusts  of  the  work  are  to  understand  the  ultimate  critical  current  potential  of  YBCO 

in  coated  conductor  form.  To  this  end  we  have  performed  the  following  work  under  this  contract: 

1 .  Studies  of  current  limiting  mechanisms  in  Coated  Conductor  sample*: 

2.  Studies  of  the  microstructure  of  buffer  and  YBCO  layers  of  Coated  Conductors. 

3.  Analysis  of  the  influence  of  obstructions  to  current  flow  and  their  influence  on  local 
dissipation. 

4.  Studies  of  grain  boundaries  in  biciystals. 

5.  Facility  development. 

i.  Current  limiting  mechanisms  (CLM)  in  coated  conductors  have  been  studied  primarily  by 
Magneto  optical  (MO)  imaging  coupled  with  Electron  Backscatter  Kikuchi  Pattern  (EBKP) 
analysis  [1, 3,4,7].  This  work  has  been  collaborative,  being  performed  on  AFRL,  ORNL  and 
LANL  samples.  The  most  dramatic  results  have  been  obtained  on  AFRL  samples,  on  which 
it  has  been  possible  to  directly  correlate  the  observed  MO  granularity  to  the  grain  structure  of 
the  YBCO,  which  is  itself  determined  by  misoriented  grains  in  the  underlying  Ni.  The 
angle  for  the  misorientation  was  in  process  of  being  finally  determined  at  contract  end  (it  was 
found  to  be  4°).  These  results  are  of  great  value  for  all  CC  samples  because  the  granular  flux 
patterns  are  common  to  all  samples  of  RABiTS  or  deformation  textured  substrates  that  we 
have  seen  from  both  national  laboratory  and  industry  sources.  Our  results  have  3  important 
consequences: 

a.  The  headroom  in  1 M  A/cm2  samples  is  high  since  such  samples  exhibit  many  barriers. 

In  fact  qualitatively  similar  results  are  obtained  on  2.5  MA/cm2  samples,  it  clear 

that  there  is  significant  headroom  in  the  CC  system. 

b.  The  fact  that  there  is  a  threshold  of  4°  in  AFRL,  all-PLD  samples  is  consistent  with 
the  fact  that  bicrystal  films  grown  at  UW  [8,9]  and  elsewhere  exhibit  the  start  of  current- 
limiting  in  the  range  of  4-7°  in  pure  [001]  tilt  boundaries.  In  principle,  we  might  expect^ 
similar  variability  from  CC  sample  to  CC  sample  because  it  appears  from  bicrystal  studies 
that  small  and  not  well  understood  processing  changes  provoke  changes  in  both  grain  and 
grain  boundary  properties  from  one  sample  to  another  that  are  not  yet  well  understood. 

c.  The  best  texture  reported  for  biaxially  aligned  Ni  substrates  lies  in  the  range  of  7-10° 
FWHM,  as  measured  by  x-ray  pole  figures,  These  values  clearly  imply  that  there  will  be 
Ni  grains  (with  their  YBCO  epitaxial  overlayers)  that  are  misoriented  beyond  the  point  at 
which  their  GBs  start  to  become  obstacles  to  current  flow. 
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2.  Studies  of  the  ndcrostructure  of  buffer  and  YBCO  overlayers:  We  studied  the  use  of  Y203  as 
a  buffer  on  Ni  [2,10,11]  during  the  visit  of  Dr  Ataru  Ichinose  from  CRIEPI,  Japan.  He 
produced  single  buffer  layers  of  Y203  on  textured  Ni  by  electron-beam  evaporation  of  Y  metal 
in  a  weakly  oxidizing  environment.  Y203  has  been  used  by  several  groups  as  a  cap  layer  on 
top  of  YSZ  but  the  desirable  nature  of  Y203  as  a  single  buffer  (it  contains  no  elements  foreign 
to  YBa2Cu30x)  has  received  little  explicit  study.  One  of  the  key  problems  that  we  observed 
is  the  extreme  sensitivity  of  the  subsequent  YBa2Cu3Oxovercoat  to  any  porosity  in  the  buffer. 
As  soon  as  die  oxygen  pressure  was  raised  to  deposit  YBCO  by  PLD,  local  eruptions  of  NiO 
through  the  Y203  were  observed.  This  produced  extremely  granular  MO  images.  Some 
control  of  the  Y203  porosity  was  developed  by  controlling  the  partial  pressure  of  02  during 
oxidation  of  the  Y,  but  the  problem  was  never  fully  resolved.  Extensive  studies  were  also 
made  of  various  buffer  layer  combinations  made  at  ORNL,  in  this  case  all  of  3-layer  buffer 
combinations  [3,4,11]. 

3.  Analysis  of  the  influence  of  obstructions  to  current  flow  and  their  influence  on  local 
dissipation :  Studies  of  the  MO  response  of  a  variety  of  CC  samples  made  by  LANL,  ORNL 
and  industry  during  the  period  1997-1 999  led  to  a  growing  conviction  that  current  flow  is 
percolative  in  high  quality  CC  prototypes,  even  as  in  BSCCO  composites.  This  qualitative 
judgement,  based  on  both  IB  AD-  [1,3]  and  DETEX- variants  of  CC,  requires  more 
quantitative  definition.  Starting  in  mid-1999  through  samples  supplied  by  the  Peterson- 
Bames-Oberly  groups  at  AFRL,  we  have  been  able  to  start  this  work.  Using  all-PLD 
Ce02/Y20r-stabilized  Zr02/Ce02  (CYC)  buffers  overlain  with  YBa2Cu30*,  the  AFRL  groups 
were  able  to  make  CC  samples  on  DETEX-Ni  with  Jc(0T,  77K)  >1  MA/cm2  [1],  These 
samples  exhibited  a  clearly  granular  image  of  flux  penetration,  the  scale  of  penetration  being 
~50  jxm.  Direct  correlation  of  the  YBCO  to  the  buffer  and  to  the  underlying  Ni  substructure 
showed  that  their  granular  MO  structure  was  entirely  linked  to  Ni  grain  boundaries,  but  also 
that  not  all  Ni  GBs  appeared.  Measurement  of  the  grain-to-grain  disorientation  by  Electron 
Backscatter  Kikuchi  Pattern  (EBKP)  analysis  showed  that  the  threshold  for  appearance  of  a 
GB  in  the  MO  image  was  sharp.  Below  4°  none  were  visible,  while  above  4°  all  were  visible, 
though  to  differing  extents.  The  work  engendered  a  lively  debate,  particularly  at  ORNL  and 
led  to  the  sending  of  their  very  highest  Jc  samples  made  yet,  over  2.3  MA/cm2.  Study  of 
these  was  just  commencing  at  end  of  contract.  Qualitatively  speaking  the  results  on  the 
ORNL  samples  appear  identical  to  those  obtained  on  the  AFRL  samples.  The  influence  of 
obstructions  to  current  flow  on  the  local  dissipation  was  studied  analytically  [5,14].  It  was 
seen  that  the  local  dissipation  is  highly  non-linear  with  defect  length  for  a  non-ohmic 
conductor,  where  V=kl“,  where  n  is  20-30.  This  raises  many  possibilities,  amongst  them  that 
the  shape  of  the  V-I  curves  for  most  HTS  are  far  from  intrinsic  and  determined  by  their 
current-obstructing  defect  populations.  We  plan  experimental  tests  of  this  in  our  new 
contract. 

4.  Bicrystal  studies:  Biciystal  studies  have  been  carried  out  primarily  under  NSF  support  during 
the  first  term  of  the  MRSEC,  but  their  results  provide  considerable  motivation  for  our  CC 
studies  because  of  their  focus  on  low  angle  GBs  of  the  type  seen  in  CC.  Two  biciystal 
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results  [9]  in  particular  motivate  our  CC  researches.  The  first  is  the  great  variability  of  the 
ratio  of  the  grain  boundary  critical  current  density,  Jb,  to  die  grain  critical  current  density,  J0, 

i.e.  tyJe  observed  by  Heinig  et  al.  [xx]  for  5-7°  [001]  tilt  GBs  made  on  SrTi03  substrates. 
The  second  is  the  possibility  of  modifying  the  grain  boundary  transparency  by  doping 
carriers  into  the  GB,  the  first  proof  of  which  were  given  in  early  1999  at  the  University  of 
Augsburg. 

5.  Facility  Development :  With  an  equipment  supplement  awarded  in  late  1999,  we  were  able  to 
add  considerably  to  the  capabilities  for  coated  conductor  research  in  Madison.  Major  effort 
was  put  into  upgrading  the  laser  ablation  system  that  we  use  for  YBCO  deposition.  We 
replaced  an  old  Questek  2720  purchased  in  1991  whose  repetition  rate  was  a  mayimirrn  of 
25Hz  at  a  maximum  energy  of  450mJ  with  a  new  Lambda  Physik  LPX210I  laser  that  has  a 
repetition  rate  of  up  to  100Hz  and  an  energy  of  up  to  700mJ.  The  gas  handling  0f  the  new 
laser  is  much  simpler  and  safer  too.  This  system  will  be  installed  in  early  Spring  2000.  We 
also  ordered  a  variable  temperature,  gas-flow  cooled  scanning  tunneling  microscope  from 
Oxford  Instruments.  This  system  will  enable  us  to  study  vortex  properties  at  GBs  and  to 
make  local  voltage  measurements  around  GBs  and  near  defects  so  as  to  test  the  predictions  of 
Gurevich  and  Friesen  [5]  concerning  the  influence  of  defects  on  local  dissipation  and  current 
flow.  This  facility  is  cost-shared  with  Professor  Mark  Rzchowski  in  Physics.  We  also  plan 
to  add  transport  capability  at  the  nanovolt  level  to  the  MO  facility  in  early  2000  in  order  to 
complement  the  induced  current  characterization  that  is  possible  presently  by  magneto 
optics. 


Publications  supported  wholly  or  in  apart  by  the  grant. 

2000  Publications 


1.  D.  M.  Feldmann,  J.  L.  Reeves,  A.  A.  Polyanskii,  G.  Kozlowski,  R.  R.  Biggers,  R  M. 
Nekkanti,  I.  Maartense,  M.  Tomsic,  P.  Bames,  C.  E.  Oberly,  T.  L.  Peterson,  S.  E.  Babcock, 
and  D.  C.  Larbalestier,  "Influence  of  Nickel  Substrate  Grain  Structure  on  YBa2Cu307_x 
Supercurrent  Connectivity  in  High  Temperature  Superconducting  Coated  Conductors,"  to 
appeal  Applied  Physics  Letters,  October  30, 2000. 

2.  A.  Ichinose,  C.  Yang,  G.  Daniels,  S.  Liao,  D.  C.  Larbalestier,  S.  E.  Babcock,  A,  Kikuchi,  K. 
Tachikawa,  and  S.  Akita,  "Studies  of  the  Improvement  in  Microstructure  of  Y203  Buffer 
Layers  and  its  Effect  on  YBa-Cuj07_x  Film  Growth,"  Superconductor  Science  &  Technology 
13,1023-1028,2000. 

3.  C.  Yang,  A.  Pashitski,  A.  Polyanskii,  D.  C.  Larbalestier,  S.  E.  Babcock,  A.  Goyal,  F.  A.  List, 
C.  Park,  M.  Paranthaman,  D.  P.  Norton,  D.  F.  Lee,  and  D.  M.  Kroeger,  "Microstructural 


s 


OCT. 18. 2000  1 :29PM 


APPLIED  SUPERCONDUCTIVITY  CENTER 


No. llo 


r .  o 


AFOSR  Grant  F49620-97-1-0308  Final  Report 

Homogeneity  and  Electromagnetic  Connectivity  of  YBa2Cu307_5  Grown  on  Rolling- Assisted 
Biaxially  Textured  Coated  Conductor  Substrates,"  Physica  C,  329:  1 14-120, 2000. 

4.  S.  E.  Babcock,  D.  M.  Feldmann,  D.  C.  Larbalestier,  A  A.  Polyanskii,  J.  L.  Reeves,  and  G.  Y, 
Yang,  "Connections  Among  Substrate  Structure,  YBCO  Microstructure  and  Critical  Current 
Density  in  RABITS-Type  Coated  Conductors,"  submitted  for  publication  in  proceedings  of 
International  Workshop  on  Superconductivity  (ISTEQ ,  Shimane  Prefecture,  Japan  June  19, 
2000. 

5.  A.  Gurevich  and  M.  Friesen,  "Nonlinear  Transport  Current  Flow  in  Superconductors  with 
Planar  Obstacles,"  Physical  Review  B,  62(6):  4004-4025, 2000. 

6.  G.  Daniels,  A.  Gurevich  and  D.C.  Larbalestier,  “Improved  Strong  Magnetic  Field  Performance 
of  Low  Angle  Grain  Boundaries  of  Calcium  and  Oxygen  Overdoped  YBa2Cu3Ox”,  to  appear 
Applied  Physics  Letters,  October  30, 2000. 


1999  Publications 

7.  S.  E.  Babcock,  C.  Y.  Yang,  J.  L.  Reeves,  Y.  Wu,  A.  E.  Pashitski,  A.  Polyanskii,  D.  C, 
Larbalestier,  A.  Goyal,  M.  Paranthaman,  F.  A  List,  D.  P.  Norton,  D.  M.  Kroeger,  and  A. 
Ichinose,  "Electrical  Connectivity  and  Microstructure  in  YBa2Cu307.j  Films  on  Rolling- 
Assisted  Biaxially-Textured  Substrates,"  in  proceedings  of  International  Congress  on 
Intergranular  and  Interphase  Boundaries  (iib  ’98)  in  Materials  Science  Forum,  1999,  pp.  165- 
168. 

8.  N.  F.  Heinig,  R.  D.  Redwing,  J.  E.  Nordman,  and  D.  C.  Larbalestier,  "Strong  to  Weak 
Coupling  Transition  in  Low  Misorientation  Angle  Thin  Film  YBa2Cu307.x  Biciystals," 
Physical  Review  B,  60(2):  1409-1417, 1999. 

9.  N.  F,  Heinig,  G.  A.  Daniels,  M.  Feldmann,  A.  Polyanskii,  D.  C.  Larbalestier,  P.  Arendt,  and 
S.  Foltyn,  "Implications  of  Low  Angle  YBa2Cu307.x  Biciystal  Transport  Characteristics  for 
Coated  Conductor  Applications,"  IEEE  Transactions  on  Applied  Superconductivity,  9(2): 
1614-1617, 1999. 

10.  A.  Ichinose,  C.  Yang,  D.  C.  Larbalestier,  S.  E.  Babcock,  A.  Kikuchi,  K.  Tachikawa,  and  S. 
Alata,  "Growth  Conditions  and  Microstructure  of  Y203  Buffer  Layers  on  Cube-Textured  Ni," 
Physica  C,  324:  113-222, 1999. 

1 1.  A,  Ichinose,  G.  Daniels,  C.  Yang,  D.  C.  Larbalestier,  A  Kikuchi,  K.  Tachikawa,  and  S.  Akita, 
"Preparation  and  Characterization  of  Y203  Buffer  Layers  and  YBCO  Films  on  Textured  Ni 
Tape,"  IEEE  Transactions  on  Applied  Superconductivity,  9(2):  2280-2283, 1999. 


6 


OCT. 18.2000  1 :30PM 


APPLIED  SUPERCONDUCTIVITY  CENTER 


NO. 115 


r.  10 


AFOSR  Grant  F49620-97-1-0308  Final  Report 

12.  A.  Polyanskii,  D.  M.  Feldmann,  and  D.  C.  Larbalestier,  "Magneto-Optical  Characterization 
Techniques,"  submitted  to  D.  Cardwell  and  D.  Ginley,  eds., " Handbook  of  Superconducting 
Materials  "Institute  of  Physics  Publishing,  1999. 

13.  A.  Polyanskii,  X.  Y.  Cai,  D.  M.  Feldmann,  andD.  C.  Larbalestier,  "Visualization  of  Magnetic 
Flux  in  Magnetic  Materials  and  High  Temperature  Superconductors  using  the  Faraday  Effect 
in  Femmagnetic  Garnet  Films,”  in  proceedings  of  NATO  Advanced  Research  Workshop, 
Sozopol,  Bulgaria,  X.  Nedkov  and  M.  Ausloos,  eds., ,  1999,  pp.  353-370. 

1998  Publications 

14.  A.  Gurevich  and  J.  McDonald,  "Nonlinear  Current  Flow  Around  Defects  in 
Superconductors,"  Physical  Review  Letters,  81(12):  2546-2549, 1998. 

15.  D.  C.  Larbalestier,  "Bound  for  the  Future,"  Nature,  395:  657-658, 1998. 

1997  Publications 

16.  B.  J.  Batlogg,  R.  A.  Buhnnan,  J.  R.  Clem,  D.  U.  Gubser,  D.  C.  Larbalestier,  D.  H.  Liebenberg, 
J.  M.  Rowell,  R.  E.  Schwall,  D.  T,  Shaw,  and  A,  W.  Sleight,  "New  Research  Opportunities  In 
Superconductivity  IV,"  Journal  of  Superconductivity,  10(6):  583-621,  1997. 

17.  D.  C.  Larbalestier,  "Materials  Challenges  for  Superconducting  Applications,"  in  proceedings 
of  1997  International  Workshop  on  Superconductivity ,  Big  Island,  HI,  June ,  1997,  pp.  4-7. 

18.  D.  C.  Larbalestier,  "Large  Scale  Applications  of  High  Temperature  Superconductors: 
Opportunities  and  Obstacles  in  the  Years  Ahead,"  ISTEC  Journal,  10(4):  1,  1997. 

19.  D.  C.  Larbalestier,  R,  D.  Blaugher,  R.  E.  Schwall,  R.  S.  Sokolowski,  M.  Suenaga,  and  J.  O. 
Willis,  WTEC  P cmel  Report  on  Power  Applications  of  Superconductivity  in  Japan  and 
Germany,  Maryland:  Loyola  College,  1997. 

20.  D.  C.  Larbalestier,  "The  Road  to  Conductors  of  High  Temperature  Superconductors:  10  Years 
do  Make  a  Difference!,"  IEEE  Transactions  On  Applied  Superconductivity,  7(2):  90-97, 1997. 


7 


